We have assembled a complete list of the most accurately measured wavelengths for all classified lines of 0 II. The data are based mainly on recent extensions of the observations and analysis of this spectrum carried out at the University of Lund, Sweden. We derived new optimal values for the energy levels using a computer code and the observed wavelengths for all classified lines. Relevant astrophysical wavelength measurements, appropriately weighted, were included in the leveloptimization calculation. The tabulated data include about 1000 observed lines (376-11 663 A) classified as transitions between 125 odd-parity and 133 even-parity levels. In addition to the observed wavelength values, wavelengths calculated from wavenumber differences of the levels are given for all observed lines and for more than 200 predicted lines that have not yet been observed. The calculated wavelengths are generally more accurate than the observed values, the most accurate \,;alculated values (uncertainties 0.0005 to 0.0020 A.) being in some cases more accurate than the observed wavelengths by up to an order of magnitude. Vacuum wavelengths are given for all lines, and wavelengths in air are also included for the region above 2000 A.
Introduction
In 1927 H. N. Russell extended the energy level analysis of the spectrum of singly-ionized oxygen and found the connection between the doublet and quartet multiplet systems rRussell, 19281. On the basis of this connection, which had also been found by Croze and Mihul [1927] , Russell was able to confirm I. S. Bowen's suggestion that two strong lines observed near 3727 A in the spectra of gaseous nebulae were due to the forbidden 2s 2 2p3 4so -2Do transitions in 0 II. Forbidden lines of 0 II are now used for electron density determinations in such nebulae, and the 0 II spectrum is also important for the o II are dominant in the optical spectra of early B stars; bright extreme-ultraviolet emission lines of 0 II have been observed in the vicinity of the Jovian satellite 10; and the 0 II emission spectrum dominates the day airglow spectrum in the extreme ultraviolet below 835 A.
The earlier analyses of 0 II were summarized and extended by B. Edlen in 1934 and 1935. The results as presented in Moore's Atomic Energy Levels [1949] inc1uded values for about 150 levels. Some fifty years after Edlen's work, Eriksson and Wenaker [1984] published the first of several papers giving the results of new observations and extensions of the 0 II analysis carried out at the University of Lund, Sweden. Eriksson [19R7] also made new wavelength mea~l1Tement~ for the most important transitions to the ground-configuration levels (575 -834 A) and for the region 3945 -4676 A. Pettersson and Wenaker [1990] measured about 150 lines in the region 1075 -2133 A and extended the analysis somewhat. Wenaker [1990] gave wavelengths for about 740 lines in the 2148 -11 663 A range, almost half of which had not been previously reported. His addition of some fifty new levels gave a total of more than 250 levels for this spectrum.
Eriksson [1987] used his new measurements, together with data from obselVations of forbidden nebular lines [Bowen, l~?5; De Robertis ct ai., 1985] , to revaluate the 2s 22p 3 ground-configuration levels and levels of the 2s 2p 4 and 2s 2 2p 2 3s, 3p, 3d, and 4f configurations. Wenaker [1990] adopted Eriksson's values for the 2s 2 2p3 2n°, 2p o and 2s 2p 4 4p, 2n levels and took the values for several other levels from Pettersson and Wemlker [1990] ; otherwise, he carried out an independent evaluation for most of the levels. Although Wenaker's table of levels is more complete, the Ritz-principle consistency of Eriksson's' level values is superior. The level evaluations by Eriksson and Wenaker also differ in that they adopted different values for the connection between the groundconfiguration levels and the system of excitedconfiguration levels.
The results of the new observations and analysis of 0 II at Lund were communicated to the late C. E. Moore, but unfortunately she was unable to complete a compilation of these data for her series of Selected Tables of Atomic Spectra. The present compilation was thus undertaken to provide a source of complete and optimal energy-level and wavelength data for 0 n. Table 1 is a list of the spectral lines given in order of increasing wavelength. A tabulation of these lines arranged into multiplets is being included in a separate volume that mainly comprises a reprinting of the Selected Tables of Atomic Spectra for hydrogen, carbon, nitrogen, and oxygen [Moore, 1993] .
Sources of the Wavelength Data
We assembled a complete list of the observed wavelengths, using what appeared to be the most accurate available value for each line. These wavelengths are listed under "Observed" in Table 1 . The reference for each line is indicated in the last column by symbols, the corresponding full references being given in Sec. 8. In a few cases we have given averages of suitably weighted wavelength values from different observers. The references in the table are only to the source ( s) of the observed wavelengths, and may not be the appropriate citations for the original classifications of the lines.
Edlen's [1934] observations in the region below 520 A have not been superseded, and his wavelengths for the three 2s2p4 4p-2\"2p 3 3s 4so lines near 740 A are also quoted [Edlen, 1935] . Edlen used a vacuum-spark source with a I-m grazing-incidence spectrograph. The wavelengths for two unresolved multiplets in the 400 A region, and also for another at 910 A, are taken from beam-foil observations by Sobatka et al. [1987] . The instrumental linewidth was about 1.5 A, and the experimental uncer-J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 tainties for these lines are between about 0.3 and 0.8 A.
These authors also suggested classifications of weak features near 822 and 955 A in their spectra as transitions from the 0 II 2p 5 2p o levels to the 2s 2p 4 2S and 2p levels, respectively. We have omitted these features here, pending higher-resolution experiments and possible observation of the 2s 2p 4 2D -2p 5 2po lines. An of the Lund observations for the region below 2140 A were made with a 3-m normal-incidence vacuum spectrograph. Pettersson and Wen&kcr used a thctapinch discharge source with a filling pressure of 5 Pa.
They estimated a wavelength error of about 0.01 A and state that "the accuracy is limited mainly by the Doppler widths of the lines." Eriksson used a pulsed electrodeless discharge and derived most of his vacuum-ultraviolet wavelengths from observations in the second and third diffraction orders. He estimated a standard error of 0.001 or 0.002 A for his measurements, depending on whether the values are given to four or three decimal places. Eriksson gives these same wavelength error estimates for his observations in the 3945 -4676 A range, which were made with a similar pulsed source (total pressure of 26 Pa) and a 5.5-m Czerny-Turner spectrograph. Eriksson and Wenaker [1984) and Wenaker [1990] used a spark-generated electrodeless discharge (pressures of 1 -3 Pa) and a 3-m Czerny-Turner spectrograph. They
give estimated errors of about o.olA, except that Wenaker estimated errors of 0.02 A for the 5700 -8500 A range and 0.03 A for wavelengths longer than 8500A. Reader [1992] and Yoshino [1992] have made unpublished measurements of the three 2s 2 2p3 4so-2s2p4 4p resonance lines near 833 A. Reader measured the two stronger lines on each of two plates obtained with a copper hollow-cathode discharge in flowing helium and the NIST 10.7-m normal-incidence vacuum spectrograph. The Cu II wavelengths used for calibration are accurate to 0.0001 A. Yoshino measured all three 0 II lines on each of three plates obtained with a condensed discharge in helium (--5 kPa) and a 6.65-m normal-incidence vacuum spectrograph used in the second order. Wavelength calibration was provided by lines of the CO spectrum that had been measured against accurate atomic wavelengths in this region. Reader's values for the two stronger 0 II lines are 834.4657(10) and 833.3311(10) A, in good agreement with Yoshino's values of 834.4653(15) and 833.3313(15) A. Eriksson's value of 834.4655(10) A also agrees very weJI with these measurements, and his value of 833.3294(10) A is within the combined estimated errors. Reader measured the weaker 4S3/2 -4Plf2 line on a single plate and obtained a wavelength of 832.7608(20) A, in agreement with Yoshino's value R32.7{)OO(15)..\.. Eriksson's value for this line was 832.7572(10) A. We have adopted observed values of 834.4655(8), 833.3302(10), and 832.7587(15) A for this compilation.
Bowen [1955] estimated the errors of his wavelength determinations for the 2s 2 2p3 4so -20° and 20° -2p o forbidden nebular Hnes as 0.02 and 0.10 A, respectively, and De Robertis et al. [1985] measured separations between lines of the 2D o -2po multiplet with estimated errors of 0.015 to 0.035 A.
Optimization of the Level Values
We derived the level values in Table 2 by using a leveloptimization computer code [Radziemski et al., 1970] and the obseIVed wavelengths and energy-level classifications for all wavelength regions in a single calculation. The calculation also included the 2s 2 2p3 2Do and 2po finestructure determinations by De Robertis et al., appropriately weighted. We first examined the results of "a calculation made with relative weights appropriate for the wavelength errors estimated by the various obseIVers. Comparisons of the Ritz-principle predicted wavelengths '
with ub:served wavelengths in the different wavelength regions revealed no systematic differences such as might result from shifts in the different sources, etc. Although the statistica1 behavior of the differences hetween the obseIVed and Ritz-principle calculated wavelengths supported fairly well our assumption of a constant confidence level for the assigned errors in the different regions, we did in the final calculation make some adjustments in the relative weights to improve this constancy. Most of these adjustments involved smoothly varying increases in the estimateu errurs in parls of the 1000 -2133 A range.
Seven of the vacuum-ultraviolet lines measured by
Eriksson are classified as possible blends of the two transitions from an upper level to the unresolved 2s 2 2p 3 2p~!2. 112 doublet. We assigned uncertainties of 0.002 A to the three such lines given to four decimals to take into account the unknown effects of the possible blending. We also either doubled the nominal errors for, or omitted entirely, a number of other blended lines in Table 1 . Other adjustments included uur fulluwing Erikssun and Wenaker in assigning greater relative weights to the ob-seIVed wavelengths for the strongest lines of the 2s 22p 241 -2s 22p 25 8, 68 arrays, as compared to the weaker lines of these arrays. We entirely omitted from the calculation some, though not all, of the observed wavelengths in Table 1 having Ritz-principle wavelength discrepancies larger than the estimated experimental uncertainties by factors greater than about three. As expected, the final level values were not much affected by this procedure.
The 2s 2 2p'J 2D" levels in Table 2 are probably accurate to about ±0.10 cm-I • The 2s 2 2p3 2P3!2-2Pl!2 inteIVal is determined to about ±0.03 cm-I by the nebular observations of De Robertis ct ai., but we estimate the uncertainty of the 2po term position relative to the 2s 2 2p3 4so and 2Do levels to be about 0.25 cm-I . The wavelengths of important allowed (vacuum-ultraviolet) and forbidden (7320, 7330 A) transitions involving these close 2p o levels are subject to uncertainties arising from definite or possible blending. A more accurate wavelength for the 2s 2 2p 3 lP3!2 -2s 2p 4 zDs!2 line at 796.68 A would have been useful, since a transition from the upper 2Ds!2 level to the 2P 1/2 level is forbidden; this line was, however, blended with S III in Eriksson's spectra. De Robertis et al. evaluated the 2s 22p 3 levels using only the nebular data [De Robertis et al., 1985; Bowen, 1955] and obtained values of 40468.1 and 40470.1 cm-I for the 2p~!2 and 2pY!2 levels, respectively. Eriksson apparently omitted Bowen's measurements of the 2s 2 2p3 2Do -2po lines in his evaluations and derived values of 110467.69(13) and 1101169.69(13) cm-1 for the 2po levels. Our values for the 2po levels lie between those of De Robertis et al. and Eriksson, because we have used all the available measurements with appropriate weighting. Our calculated wavelengths for the most important allowed and forbidden transitions involving the 2s 2 2p3 2po levels are genera]]y in acceptable agreement with the observed values.
Our uncertainty estimates of 0.0008 to 0.0015 A for the 2s 22p 3 4So -2s 2p 4 4p wavelengths correspond to wavenumber uncertainties of 0.12 to 0.22 cm-1 for the 4p levels. We estimate uncertainties of 0.25 to 0.35 cm-I for the other best-determined levels of the 2s2p4 and 2f2?p23s, 3p, 3d, 4s, 4p. 4d. 4f, 5s. 5g , and ~ configurations relative to the ground level. The separations within the group of excited-configuration levels given to two decimals have uncertainties mainly in the range 0.025 to 0.15 cm -1. Most of the level separations within the group of levels given to three decimals should be accurate within errors from less than 0.010 cm -1 to about 0.025 cni-I • The odd-parity levels given to one decimal place, and also the one-place levels belonging to the ep)4d, ep)6s and en)6~ even configurations, have estimated uncertainties from about 0.4 to 1.0 cm -1. The ep)5d and CD)4d levels are from Edlen's measurements of transitions to 2s 2 2p3 ground-configuration levels in the region below 520 A. Based on comparisons of his measurements with more accurate calculated values available for some other lines in this region, we assigned an uncertainty of 0.005 A tu Eulen's determinations. A more precise estimate is not important for the levels optimization, since Edlen's wavelengths have almost negligible weights except for the ep)5d and eD)4d levels. Most of these latter levels are probably accurate within errors of 2 to 5 cm -1; we have given them to the nearest decimal to obtain calculated wavelengths agreeing with the obseIVed values to three places.
A few high even-parity doublet levels given as tentative in Tab1e 2 were so designated by Ed1en, each being based on a single, not very strong line. We give several other high levels as tentative, mostly assigned to the CD)5J or CS)4p odd-parity configurations. The term designations of the 2s22p2nl and ng levels arc discussed in Sec. 6.
No intercombination lines connecting the sextet levels with the other 0 II levels have been classified.
Edlen estimated the position of the sextet system by making the difference between the quantum defects of the 2s 2p 3CSSO)3s 6So and CSSO)4s 6So terms equal to the corresponding difference for the 2s 2 2p 2 ep)3s 4p and CP)4s 4p terms. The change in this estimate obtained by adjustment to the more accurate ionization limits now available is small compared to the uncertainty of the method. We have retained Edlen's estimated connection, to the nearest few cm -1, by fixing the eSO)3s 6so position at 245 400.00 + x cm -1. The quantity "x" represents the unknown error of this connection.
The values for 125 odd-parity and 133 even-parity levels are listed in Table 2 . The levels belonging to the doublet and quartet systems of the excited configurations have values systematically higher than those of Wenaker and of Eriksson by about 0.05 and 0.08 cm -1, respectively. The value for the principal ionization energy that Wenaker derived by fitting the 2s 2 2p24f, Sf, 5g and 6g levels to core-polarization theory, 283 270.9±O.5 em-I, is not affected significantly by this difference. Table 1 The values of the two levels for each transition in Table 1 are given under "Levels." A question mark following the upper level indicates a tentative classification. The confjgurations, terms, and J values given for the two levels in successive columns of Table 1 are taken from  Table 2 (see next section). A blank J value indicates that the level value represents two unresolved levels ( Table 2 ).
Further Explanation of the Data in
The sources of the observed wavelengths were described in Sec. 2 above. The multiplet numbers in the first column are in accordance with the scheme adopted by Moore [1945, 1950, 1993] .
The relative intensities in the second column are based on visual estimates related to plate blackening and are useful for comparisons within small wavelength ranges. Both Eriksson and Wemiker gave estimated relative intensities on a logarithmic scale to the base y'2, and Pettersson and Wenaker used such a scale to the base 2. Edlen also adopted a rather compressed intensity scale. The relative intensities in Table 1 Table 2 for all lines. The calculated wavelength is given for each transition contributing to a muJtiply classitied line, multiple classifications being indicated by braces. Almost 1100 transitions are involved in the classifications of the ob-served lines. We also give calculated wavelengths for more than 200 selected transitions that have not been observed. These include a number of predicted muItiplets in the extreme ultraviolet as well as many weaker transitions in multiplets for which stronger lines have been observed. Ca1culated wavelengths are also listed for all ten forbidden transitions between levels of the 'b;22p3 ground configuration, the dominant radiation type (Ml or E2) being indicated for each transition.
Observed and calculated wavelengths in air, and also wavelengths in vacuum, are tabulated for the region above 2000 A. The vacuum wavelengths in this region are calculated from the levels, with a few exceptions: if the vacuum wavelength for a tentatively classified line is not foHowed by a question mark, the value was calculated from the observed wavelength. All conversions between vacuum wavelengths or wavenumbers and wavelengths in air were made with the five-parameter formula of Peck and Reeder [1972] .
Accuracy of the Calculated Wavelengths
The calculated wavelengths should in general be more accurate than the observed values. Eriksson's list of calculated 0 II wavelengths suitable for use as standards in the region below 835 A is extended to values below 500 A in Table 1 . The calculated wavelengths shorter than 500 A that are given to four decimal places are probably accurate to about 0.0005 A, and the four-place calculated wavelengths in the 500 -835 A region are probably accurate to about 0.0010 A. In practice, of course, any lines observed as probable blends should to the extent possible be omitted in the selection of standards.
The four-place calculated wavelengths in the 1275 -1565 A range have estimated uncertainties mainly between 0.0010 and 0.0020 A., and thus are more accurate than the observed wavelengths by up to an order of magnitude. We also give some four-place calculated wave-length~ in the 1 fl:12 -2028 A r~nge, with estimated uncertainties mostly between 0.0015 and 0.0025 A. The more accurate of the three-place calculated wavelengths in the region above 1080 A have uncertainties of 0.005 A or less. The observed wavelengths below 1320 A agree rather well with the calculated values, but the differences between the calculated and observed wavelengths for some of (he lines above 1320 A are several times the estimated experimental error of 0.01 A. The calculated wavelengths correspond more accurately to the true energy separations of the levels in such cases, but it is possible (or, in some cases, known) that some of the observed lines are blends.
The most accurate calculated wavelengths in the region above 2000 A are based on Erikison's measurements in the 3945 -4676 A range, which had standard· errors smaller than 0.0010 A (observed value given to four places) or 0.002 A (observed value given to three places).
We have given four-place values for all calculated wavelengths having accuracies based on combinations of Eriksson's measurements. This yields about eighty additional four-place wavelengths for lines obsetved in the 3833 -4322 A region, with most estimated errors in the range smaller than 0.003 A.
In principle the least accurate of the calculated wavelengths should have uncertainties corresponding to Wenaker's estimated experimental uncertainties of 0.010, 0.02, and 0.03 A for the ranges 2148 -5700, 5700 -8500, and 8500 -I'1'1663A, respectively. It should be noted that the differences between Wenaker's obsetved wavelengths for the stronger lines and more accurate calculated values available for many of them are usually well within these uncertainties. Thus, for example, Wenaker's measurements for the three lines of Multiplet 3 (2s 2 ?JJ23s 4p -2s 2 2p 2 3p 45°,3712 -3749 A) agree with the calculated values within ± 0.003 A, which happens to be . the estimated error of the calculated values.
Coupling Schemes and Term Designations;
Theoretical Calculations for 0 II
The level designations in the tables are in accordance with one of three different coupling schemes: LS, J1 I, or LSI coupling, the configuration and term notations being standard for NIST compilations [Martin et al., 1978] . Eriksson [1961] calculated the 2s 2 2p 2 4J and Sf levels and showed that these configurations are close to LSI pair coupling. Eriksson and Wenaker[1984] calculated the levels of the 2s 2 2p24J, 5g, and 6g configurations. The 2s 2 2p 2 ng levels have high J 1 I-coupling purities, the lowest purity of any 5g level being 97.4% in this scheme.
Most· of the published calculations for 0 II have been carried out to obtain oscillator strengths. Considering two of the more recent papers only, we note that Bell el al. [1991] give calculated strengths for the most important allowed multiplets involving the 2s 2 2p3 4S0, 2Do, and 2po ground-configuration terms and compare their results with other theoretical values and with experimental values. Zeippen [1987] has refined earlier calculations of the magnetic-dipole and electric-quadrupole radiative probabilities for the transitions between levels of the ground configuration. 
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